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Teaching Spatial Thinking and Geospatial Technologies Through
Citizen Mapping and Problem-Based Inquiry in Grades 7-12

M. Beth Schlemper , Brinda Athreya, Kevin Czajkowski, Victoria C. Stewart , and Sujata Shetty

INTRODUCTION
Geospatial technologies, such as cartography, geographic information

systems (GIS), remote sensing, photogrammetry, and data acquisition and ana-
lysis, are among the tools that support learning about and interacting with the
world around us. Often students are unaware of how these technologies
impact their lives and have the potential to transform society. “Geospatial tech-
nology affects almost every aspect of life, from navigating an unfamiliar neigh-
borhood to locating the world’s most wanted terrorist” (Cimons 2011, 1).
According to the U.S. Department of Labor, jobs using geospatial technology
are projected to grow 19 percent between 2016 and 2026 (Bureau of Labor
Statistics 2017). As such, there is a need to develop education and training
materials for middle and high school students in this area and increase aware-
ness of these opportunities.

In 2010, the National Assessment of Educational Progress reported that map
reading improves with age and grade level. More important, the use of geospa-
tial technologies can improve spatial thinking in students (Keiper 1999; Shin
2007). Students who learn to use geospatial technologies in grades 7 through
12 will have an advantage in pursuing careers in this rapidly developing field.
For employability, geographers are expected to be proficient in the use of geo-
spatial skills and have a comprehensive knowledge of the discipline and other
general skills, such as communication, teamwork, and leadership abilities
(Solem, Cheung, and Schlemper 2008). The GeoTech Center, the Employment
and Training Administration, and a group of industry experts continue to
update an interactive geospatial technology competency model that outlines
the kinds of competencies (personal, academic, workplace, industry-wide tech-
nical, and sector-specific skills) that will prepare students for careers in this
area (Geospatial Technology Competency Model 2017). To achieve this kind of
expertise, geographical sciences and geospatial technologies should be taught
and included in the core curriculum of grades K through 12.

To this end, the Obama administration hosted the first White House Summit
on Next Generation High Schools in November 2015 (White House Summit on
Next Generation High Schools 2015). These schools are envisioned to encour-
age students, especially from underrepresented groups, to pursue degrees and
careers in science, technology, engineering, and mathematics (STEM) related
fields (White House Summit on Next Generation High Schools 2015). The focus
was on innovative and personalized learning experiences that prepare students
for post-secondary education and careers in STEM. Many of the current efforts
that were highlighted at the summit included education that allows students
to learn skills and knowledge in increasingly complex ways in the context of
their communities all over the country. A commitment to teaching and learn-
ing methods that engage and empower students was a key component of
the agenda.
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Aligning with the purposes of the summit, one goal of
our project was to improve students’ spatial thinking and
geospatial technology skills through citizen mapping.
This includes the collection of geospatial data by individ-
uals in order to make informational maps for a variety of
purposes, particularly for illustrating challenges in their
community and proposing improvements to key stake-
holders. A related goal of this research was to engage
students who have traditionally been underrepresented
in the discipline of geography in learning about the
neighborhood around their school in new and exciting
ways through inquiry and problem-based learning (PBL).
By participating in community-based inquiry projects,
students were able to relate to the material through per-
sonal connections (Mohan 1995 as cited in Barcus and
Muehlenhaus 2010). Exploring real-world community
issues had the added benefit of motivating students to
learn and apply the strategies of using geospatial tools to
potential career paths. Our project aimed to start with
what students already knew and cared about in their
community and build on these interests to introduce
them to the kinds of geographic and general skills that
could enhance their awareness of potential careers and
educational pathways. Further, integrating citizen map-
ping into the curriculum enabled students who are famil-
iar with their neighborhoods to have a sense of
contribution in their communities while learning import-
ant concepts, skills, and technologies.

Our primary research questions were as follows: (1)
How can citizen mapping be used to promote problem-
based inquiry learning and introduce students to geospa-
tial technologies? (2) How does the use of spatial think-
ing, geospatial technologies, and citizen mapping
enhance students’ knowledge of their communities? Our
hypothesis was that students’ knowledge of both skills
and their communities would be enhanced through a
problem-based, authentic learning experience that
focuses on real-world topics that they care about, while
using citizen mapping as a tool that fosters an open-
inquiry approach to learning.

INQUIRY LEARNING, PBL, AND CITIZEN MAPPING
Increasingly, educators and researchers are recognizing

the value of inquiry learning and PBL in introducing geo-
graphic facts, concepts, and skills to students across all
grade levels. In a special issue on scientific inquiry in The
Journal of Mathematics and Science: Collaborative Explorations,
the Virginia Mathematics and Science Coalition Task
Force argued, “Inquiry is at the heart of the scientific
enterprise and, as such, demands a prominent position in
science teaching and learning” (Virginia Mathematics and
Science Coalition Task Force 2013, 7). Researchers
involved in producing A Road Map for 21st Century
Geography Education suggested that inquiry learning, and
more specifically PBL, has the potential to “support or
promote the development of geographic knowledge,

skills, and practices” (Bednarz, Heffron, and Huynh 2013,
43). While inquiry learning and PBL are both forms of
active learning, not all inquiry learning is problem-based.

Inquiry learning is linked to constructivism and
Dewey’s work, which advocated for students learning by
doing and thinking (Thomas et al. 2013; Key and Owens
2013; Dewey 1930). Inquiry learning may or may not
include hands-on activities. However, for an activity to
be considered inquiry, it must satisfy two conditions.
From the science education perspective, inquiry activities
involve “research questions and the opportunity to ana-
lyze data” (Virginia Mathematics and Science Coalition
Task Force 2013, 8). While data should be analyzed by
students in the inquiry process, it does not have to be col-
lected by them. There are also varying approaches to the
origins of the research questions from teacher-provided
to student-suggested, which are part of a continuum of
inquiry learning.

Spronken-Smith et al. (2008) suggested that inquiry
learning consists of the following “essential” elements:

� Active approach to learning
� Question-driven or research focused
� Inductive approach to teaching
� Student-/learner-centered with teacher as a

facilitator
� Facilitated/scaffolded learning
� Constructivist

They also included a number of optional attributes for
inquiry learning, such as collaborative learning, commu-
nity involvement, interdisciplinary approach, and field-
based activity (Spronken-Smith et al. 2008, 72).
Geography has traditionally integrated both of these
essential and optional attributes into teaching and learn-
ing, which provides ample opportunities for inquiry
learning in the curriculum.

Common elements of active, inquiry learning that pro-
mote the student as learner and the teacher as facilitator
are captured in levels of inquiry models (Herron 1971;
Rezba, Auldridge, and Rhea 1999; Bell, Smetana, and
Binns 2005; Banchi and Bell 2008). The College Board
Advanced Placement Program for Science recommended
these four levels of inquiry as a means for increasing
students’ involvement in scientific inquiry in the class-
room (AP Science 2018). The model progresses from
teacher-led inquiry, with all steps of the learning process
provided to the students in confirmation inquiry, toward
student-led inquiry, where students perform all of the
steps and the teacher facilitates the learning process in
open inquiry (Table 1). The level of inquiry utilized is
often dependent on the stage at which students have
been introduced to concepts, methodologies, or tools as
well as the overall learning goals and objectives.

For example, if students have limited experience in
using GIS and the goal is to introduce them to the
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software, a teacher is likely to use confirmation inquiry,
providing a topic, data, step-by-step instructions, and the
solution in the form of a GIS cookbook. To promote
enthusiasm for learning new techniques and introduce
students to using a GPS unit, a GPS treasure hunt can be
designed around a teacher-provided problem and an
explanation of how to use the device while students are
required to then find the solution. As students gain confi-
dence in thinking spatially and using various geospatial
technologies, teachers can introduce potential problems
and students can determine which procedures are appro-
priate to find answers. For instance, an activity centered
on designing the best bus routes that are both economic-
ally feasible and meet the needs of riders in the commu-
nity could provide students with a challenging spatial
problem. With increased familiarity with the software
and its applications to social problems, teachers may
choose to transition toward open inquiry to allow stu-
dents to frame their own questions and determine
whether geospatial technology can help them discover
and demonstrate potential solutions through citi-
zen mapping.
According to Golightly and Raath (2015),

“Constructivism involves a shift of ownership of learning
from the teacher to the student” (58). PBL is one way to
promote active learning and to encourage student-led
inquiry. For PBL to be effective as a method of higher-
level inquiry learning, a shift from teacher as
“information provider to facilitator” needs to occur
(Yeung 2010, 196). Thomas et al. (2013) explained,
“Through PBL, students ask scientific questions relevant
to their lives, collect evidence, and develop explanations
based on the evidence obtained” (95). Further, Pawson
et al. (2006) suggested that “geography has a long trad-
ition of group work, which underlies most practices of
PBL” (109). In summary, a few of the key objectives of
PBL include fostering critical thinking, empowering stu-
dents, encouraging cooperative learning, and raising
students’ interests in the learning process.

PBL typically starts with the presentation an “ill-struc-
tured, complex problem” with “many solutions and
many paths to solutions” by the teacher to the students
(Halvorson and Wescoat 2002, 92; Golightly and Raath
2015, 59; see also Shepherd and Cosgrif 1998). Following
these guidelines, this first stage of PBL seems to reflect
teacher-guided inquiry. However, PBL has been
described as an iterative process in which students work
in teams and are guided by instructors throughout the
entire inquiry process. Halvorson and Wescoat
explained, “Throughout these stages, the role of the
instructor is to facilitate the process of inquiry and to
offer constructive comments and guidance” (Halvorson
and Wescoat 2002, 92). Although PBL starts with a prob-
lem identified by the instructor, students work in groups
to create hypotheses based on what they initially know
about the issue. In the second stage, students use a var-
iety of primary and secondary data sources to explore
their original hypotheses. This prepares them to
“evaluate and critique their understanding of the prob-
lem” in the third stage (Halvorson and Wescoat 2002,
92). As a result of their research and reevaluation of the
problem, students may choose to revise their original
hypotheses multiple times. In the final stage, students
synthesize and analyze their findings and present a num-
ber of possible solutions to their problem (Halvorson and
Wescoat 2002; Golightly and Raath 2015).
While these traditional stages of PBL align with inquiry

and scientific inquiry, a rigid adherence to these guide-
lines can be restrictive and prohibitive in middle and high
school settings, where time is limited and teachers face
pressure to tie instruction to disciplinary standards and to
prepare students for standardized tests. As a result, modi-
fied versions, or “hybrid models” of PBL, can be used in
these settings. In Halvorson and Wescoat’s study of PBL
applied to international water problems in undergraduate
courses, students revised their hypotheses multiple times
(Halvorson and Wescoat 2002). In a modified approach to
accommodate time limitations, for example, students may

Table 1. Levels of inquiry learning and guidance provided to students.

Level of Inquiry Problem given? Procedures given? Answers provided?
1–Confirmation � � �
Teacher-led inquiry where all steps are provided to the students.
Example: Providing a GIS “cookbook” with the topics, procedures, and answers.
2–Structured � �
Teacher-facilitated inquiry that leads to students finding the answer.
Example: GPS treasure hunt with guidance provided for how to use the GPS device.
3–Guided �
Teacher provides problem and students determine appropriate methods to find solutions.
Example: Urban planning activity that requires students to create the best bus routes for the city.
4–Open
Student-led inquiry where all steps are performed by students and teacher facilitates.
Example: Students’ citizen mapping projects.

Adapted from Rezba, Auldridge, and Rhea (1999).
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have fewer group meetings or revise their hypotheses
only once after collecting data, rather than making mul-
tiple revisions of their inquiry questions. Based on the
dynamics of grades 7–12 education, we integrated a modi-
fied, condensed version of the traditional PBL approach
into our project design and ultimately into the curriculum
modules that emerged from the research. In addition, our
modified version of PBL starts with students suggesting
an “ill-defined, complex problem” rather than having one
proposed to them by the teacher. This is one way to
empower the students and raise their interest in learning,
which is also indicative of PBL. Similar to the traditional
stages of PBL, students collect primary and secondary
data in a variety of formats, reconvene to critique their ori-
ginal hypotheses based on new knowledge, synthesize
and analyze their data, and propose and present poten-
tial solutions.

An important goal of our study was to introduce stu-
dents to spatial thinking and geospatial technologies in
the context of their neighborhood, a familiar environ-
ment. Citizen mapping was used as a pathway for illus-
trating the value of a geographic approach to identifying
community challenges (problems) and proposing solu-
tions. In short, citizen mapping is a form of citizen sci-
ence where individuals collect data and create maps in
order to enact political, socioeconomic, or social change.
As a teaching and learning tool, the process allows stu-
dents to participate in open inquiry and PBL, while it
also includes a number of geospatial and general skills
that prepare students for geography-related careers.
Based on best practices in the literature and input from
our teacher advisory committee, the design criteria for
our summer workshops and related curriculum modules

are linked to the goals of inquiry learning and PBL
(Table 2).

In proposing problem-based inquiry questions, stu-
dents are provided opportunities to discuss and outline
what they know about them, what they want to know
about their questions, and why their questions are
important. This serves the purpose of giving their ques-
tions relevance and empowering them in the learning
process, which is reflective of PBL. In addition, student-
centered inquiry is applied to research and problem
solving through the use of geospatial data, tools, and
methods. As students explore a variety of data sources,
including collecting primary data, examining online data-
bases, and listening to community members who special-
ize in their topics from different perspectives, they are
exposed to the multidisciplinary aspects of their problems
as well as to potential career paths. While these compo-
nents are designed to make learning real and significant
to students’ lives, it is equally important to tie this learn-
ing to disciplinary content and standards so that teachers
can apply these methods in their classrooms.

More specifically, we integrated student-defined ques-
tions and students’ proposed solutions, which are indica-
tive of open inquiry, and we provided hands-on
instructions for the procedures, particularly in regard to
using spatial thinking and geospatial tools. Initially, we
purposefully guided students with the procedures, which
is common in both confirmation and structured inquiry.
In this case, the focus was on teaching the students the
methods or procedures in the context of PBL. As a result,
it does not appear that our approach fits neatly into the
boxes of increasing levels of inquiry learning (see again
Table 1). However, a closer look at our methods and

Table 2. Design criteria for summer workshops and curriculum.

Criteria Description
Reveal what students know and understand Assess prior knowledge/understanding and then provide fre-

quent opportunities for student discourse, thinking aloud
and writing about what they think they know and how they
know it to engage schemata and address possible
misconceptions

Reveal what students want to know and why Regular opportunity to engage in disciplinary discourse and
reflection by students on the value, purpose, or interest in
what they are doing, what questions they have, who might
be interested in their work, and why that work is important

Support student research and problem solving Student-centered inquiry, where they identify, research, and
suggest solutions to problems of interest to them

Require geospatial tools The use of geospatial data, tools, and technology are integral
to the activities

Employ a multidisciplinary approach Students address real-world content with a multidisciplinary
perspective

Engage students authentically with careers Through case studies, applications of skills to careers, and
interactions with professionals to promote connections
among skills, content, and careers

Integrate disciplinary standards for key concepts and skills Activities are tied to appropriate disciplinary standards that
include target content and skills and are introduced in
increasingly complex ways
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related case studies will illustrate how and why we
combined various levels of inquiry, including both
teacher- and student-led inquiry. In the process of guid-
ing students in using spatial thinking and geospatial
technologies, an important transition from teacher-
prescribed to student-designed procedures occurred that
allowed students to develop an appreciation and greater
understanding of using this approach to address their
inquiry questions. Our focus was on illustrating how spa-
tial thinking and geospatial technologies provide a
means to engage students with community challenges
that they care about through PBL and citizen mapping.
The aim was to provide them with the methods and tools
to prepare them to be active, engaged citizens.

METHOD
Designing and Implementing the Summer Workshops

In order to implement the goals established in this
project, two summer workshops were held in 2015 and
2016 at a local high school in Toledo, Ohio. The project
team consisted of four experienced researchers and
teachers representing four different disciplinary back-
grounds, two Ph.D. students, and an external evaluator.
One of the earliest steps in the project was to create a
teacher advisory committee consisting of both social
studies and science teachers. Their purpose was to pro-
vide guidance to the project team regarding workshop
design and format, curriculum, assessment vehicles, and
nuts and bolts suggestions.

The first summer workshop in June 2015 served as a
pilot for testing project goals as well as the effectiveness
of individual activities and the project as a whole. While
we started out with ten high school students, eight of
them stayed for the entire two-week workshop. All of the
students were African American (three females and five
males) in grades recently completed as follows: 7th (1),
9th (1), 10th (1), 11th (3), and 12th (2). In June 2016 we
were more successful in recruiting participants through
lunchtime visits to the school to advertise the workshop
and by hiring two high school teachers as consultants
who also served as additional instructors during the
workshop. They were instrumental in recruiting students
and in assisting with student groups in 2016. As a result,
the number of students increased to seventeen: Sixteen
were African American and one was of more than one
race (seven females and ten males), having finished these
grades: 8th (1), 9th (5), 10th (4), 11th (3), and 12th (4).

Some of the highlights of the workshops included a
GPS treasure hunt, drone demonstration, geocaching,
fieldwork in the community, and a variety of geospatial
computer games.1 The initial introduction to geospatial
technologies started with simple online games and activ-
ities as well as hands-on outdoor GPS activities to assess
the students’ geographical knowledge and perceptions
about space as well as their familiarity with the tools.
Building on these experiences, students were introducedT
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to ArcGIS Online by using a “cookbook” created by the
project’s graduate student research assistants. Using the
topic of mapping fish movement, the cookbook provided
an introduction to the basic terminology of GIS, such as
base layers and buffers. For example, step-by-step
instructions related to applying a buffer for a mile and
downloading information from ESRI databases were
included as the students worked with the fish data pro-
vided to them. The ArcGIS Online cookbook exercises,
which are representative of teacher-led inquiry, prepared
the students for more complex levels of inquiry. Later,
students entered data they collected in the neighborhood
with GPS units and compared it to databases embedded
within the program. Our format for learning focused on
an introduction of geospatial skills and concepts through
fun activities progressing toward a more challenging and
data-rich citizen mapping group project, aligning with a
shift from teacher-led to student-led inquiry.
As the two-week summer program progressed, the

goal was to introduce students to more complex geo-
graphic concepts by applying new skills to address con-
cerns they had about their neighborhood. Students used
inquiry learning and a problem-based approach to
explore topics they recommended, such as crime, youth
employment, housing, and parks and community gar-
dens. Table 3 includes the specific real-world community
challenges the students suggested and explored along
with their potential solutions during summer 2016. A
detailed examination of the inquiry activities conducted
by the parks and community gardens group is included
in the findings section below.
The first step in the PBL inquiry process was brain-

storming in small groups of three or four students and
two or three workshop organizers to identify neighbor-
hood challenges. Students discussed what they already
knew about their selected topics, what they wanted to
know, and why it was important. The students created
their own inquiry questions, and some groups subse-
quently revised them after conducting preliminary
research in the neighborhood. The teams convened often
throughout the learning process to share their ideas and
discuss the new knowledge they had acquired collabora-
tively. They collected both primary data (e.g., GPS data,
photos, and observational notes while engaging in field-
work) and secondary data (e.g., local land bank data,
county GIS database, census records, and ArcGIS Online
maps). Students created citizen maps of abandoned
houses, surveillance markers (cameras, security signs),
parks, open spaces, youth employment opportunities,
and potholes in their neighborhood. Finally, students
communicated their findings to key community stake-
holders, using a presentation template developed by the
project leaders to facilitate the organization of their
research process, their findings, and potential solutions
to their problems.

Data Collection
The project team hypothesized that students would

have little experience in using geospatial technology or
in thinking spatially. One of the challenges in teaching
and learning geospatial technologies is that students
often have limited background in using tools such as
Google Earth or Google Maps. Even the task of finding
their own neighborhoods on a map or interpreting 3D
visualizations of the neighborhoods can be difficult. To
evaluate the students’ prior knowledge of spatial think-
ing and geospatial tools, we included a number of infor-
mal baseline assessments during the first few days of the
workshop. Students’ image interpretation and map read-
ing skills were assessed at the beginning of the workshop
through a series of map reading and interpretation activ-
ities. This step was important for understanding what
students knew about geospatial technologies, particularly
as applied to their everyday lives. At the beginning of
the workshop, not only did students not appreciate the
application of geospatial technologies in their lives but
they had limited knowledge of them overall.
For example, students were provided with two satellite

images of the United States, one with and the other with-
out political borders, to evaluate their spatial skills and
geographical knowledge. The students were asked to
identify specific states, cities, the Great Lakes, the Grand
Canyon, national parks, and other physical features. This
pre-assessment activity was administered by the project
team. Students completed both sets of questions indi-
vidually and with the help of the staff, who made infor-
mal observations about the students’ ability and
knowledge levels.
In addition, students’ map-reading skills were exam-

ined through their interpretations of historical maps of
the city where the workshops occurred. They were asked
to identify specific components of the map, such as the
north arrow, scale, title, latitude/longitude, and the
legend. To assess their knowledge of map interpretation
further, they were also prompted to identify any missing
features on the map or to identify areas of the map that
were difficult to understand. Students required a lot of
individual assistance to complete the questions as they
attempted to interpret the map of the city, which indi-
cated that their map interpretation skills were limited
or basic.
Based on these informal assessments during the pilot

phase of the study in Summer 2015, formal data collec-
tion was limited primarily to Summer 2016. In this paper,
we address three data collection tools, which are related
to our primary research questions. First, we observed the
students groups as they worked through their inquiry
questions, collected data, and participated in citizen map-
ping. A case study of the “parks and community gar-
dens” student group provides evidence of an increase in
understanding of their neighborhood and an improve-
ment in their spatial thinking skills.

Introducing Spatial Thinking and Geospatial Technologies
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Second, we asked students to complete daily exit slips
throughout the course of the workshop as a formative
feedback survey. Collected at the end of each day, the
survey asked students to respond to three open-ended
prompts referring to each day’s activities: (1) what they
liked most; (2) what they liked least; and (3) what they
learned that was most interesting to them. Space was
also provided for student comments or questions. This
information was used to make adjustments in future
activities when possible.

Third, individual interviews provided more nuanced
details of students’ experiences using technology in the
neighborhood during the workshop and what they
learned about the community. In Summer 2016 we con-
ducted interviews with fourteen of the seventeen stu-
dents who participated because one student opted out
and two students were absent on interview day. We
asked a range of questions about what they learned
about geospatial tools and the community to evaluate the
goals of our project. Students were interviewed by the
workshop leaders who had worked most directly with
their groups. The interviews were videotaped and then
transcribed verbatim. The transcripts were uploaded into
a computer-assisted qualitative data analysis program,
MAXQDA, where we used emergent coding based on
the responses of the students.

FINDINGS AND DISCUSSION
Case Study

In Summer 2016, four student groups examined a var-
iety of social, environmental, and economic issues. In this
section, we highlight one of the groups to illustrate how
PBL and inquiry learning allowed students to think spa-
tially and practice using geospatial technology to address
their inquiry questions. This case study shows how the
design criteria in Table 2 were integrated into the work-
shop design and the project goals of promoting a more
open-inquiry learning environment. Citizen mapping
was used as a tool to promote spatial thinking and the
use of geospatial technologies and supported collabora-
tive learning and problem solving.

The focus case study is the parks and community gar-
dens group, which consisted of four students (three
African American females—two who had just finished
11th grade and one 12th grade—and one African
American male, who had just completed 12th grade).
This group of older students was facilitated by two
instructors, a white male university faculty member and
an African American female high school math teacher.
More specifically, the project instructors participated in
discussions, provided instructions for using technology
and ArcGIS Online, and guided the students in the
research process. All of the student groups practiced
their final presentations twice, including opportunities
for peer review and revisions as well as a dress rehearsal
before formally describing their projects and

recommendations to key community leaders, their fami-
lies, and school district personnel.

Among their first set of tasks was to choose a topic of
interest and brainstorm what they knew and wanted to
know about it. The students reported the following as
what they already knew about community parks and
gardens in the neighborhood around the school:

� We have a community garden by our school.
� There are other gardens around the neighborhood.
� Parks have playgrounds.

In regard to what they wanted to find out, they asked
the following initial questions:

� How much does it cost to renovate a park?
� How can we get more people to work on gardens?
� What can we plant that will help our community?
� What is considered a park?

This group explained that this topic was worth
researching because improvements in parks and gardens
are an investment in the community.

While this group started with a number of potential
inquiry questions, including how parks and community
gardens are defined, their primary inquiry question was,
“Are there more recreational activities available to those
outside our high school community?” Their shift from
basic questions about community parks and gardens
toward comparing the availability and types of amenities
in the parks near their high school to other neighbor-
hoods was inspired, in part, by one of the guest speakers
during the workshop as well as the research they con-
ducted and the data they analyzed. We invited a number
of guests from the local area who work on community
issues such as government officials, university faculty
members, police officers, planners, neighborhood organ-
izers, land bank and fair housing officials, and public
transit authority employees. For this student group, a
presentation on the location of city parks by neighbor-
hood that was given by a city councilwoman was both
revealing and serendipitous. She provided a handout
that listed all of the city parks by district and the type of
amenities available in each of the parks. As a result, the
students discovered that while the district where their
high school is located has the largest number of parks,
the majority of them were considered to be “pocket
parks,” offering primarily contemplative versus active
sports recreational opportunities, such as basketball and
tennis courts. For them, the problem was a matter of
environmental justice related to the need for a fairer dis-
tribution of services provided to all districts in the city.

The process of finalizing their inquiry question also
included two days of fieldwork to collect data about
community parks and gardens in the neighborhood
around their high school. Using a GPS device, the
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students pinpointed the locations of both parks and com-
munity gardens to create a reference map using ArcGIS
Online (Figure 1). The mapped features included plants,
community gardens, and parks within a one-mile radius
of the school. The students used plants primarily in refer-
ence to the community gardens they observed. A plant
buffer was drawn to show the proximity of each commu-
nity garden in the area. They observed that plants and
gardens are clustered around the school, whereas parks
are scattered and spread out from each other. They
selected a buffer range of 0.1 miles to show the close
proximity of community gardens to the school, which
illustrated that they are located mostly near the school,
which is two blocks north of Winthrop Street within the
clusters of plant buffers and not in other parts of the
neighborhood. In addition, they took photos with a GPS-
enabled camera to integrate into their research and the
presentation of their results and recommendations. The
group discussed their observations in the field and in the
classroom on several occasions. They observed that
although there were 34 parks officially listed by the city
in the district surrounding their high school, only three

of those seemed to be in active use based on their field-
work. They also discovered that many of the existing
parks nearby were small, unkempt, and overgrown with
vegetation, which deterred students from using them.
While their initial plan for fieldwork was to visit the
parks and community gardens near the school, they also
observed a number of large open spaces in the neighbor-
hood that appeared to be vacant because of the over-
grown grass. The students fantasized about using those
fields for baseball, tennis, or soccer because the only
sports available in the area near the school is a small bas-
ketball court.
In addition to fieldwork and collecting primary data,

the students used secondary data, primarily the park
data provided by the city councilwoman, to determine
that the parks in their district did not offer the types of
amenities afforded to residents in other neighborhoods.
Due to time limitations, the students were not able to
conduct research on the history of parks in the commu-
nity. In addition, they were not able to visit the parks
outside of the area where they conducted fieldwork near
the school for direct observations. Their personal

Figure 1. Parks and community gardens group reference map.
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knowledge of parks in the city was limited to those near
the school as well as one large park with a variety of
sports activities located 2.6 miles from their high school,
and according to Google Maps a 51-minute walk, which
includes navigating high-traffic streets and crossing over
a highway. However, they created graphs with the sec-
ondary data to illustrate the disparities of types of parks
among neighborhoods in the city. They discovered that
students in their neighborhood do not have parks within
walking distance that provide comparable amenities to
other schools. Further, for those parks that are within
walking range, busy traffic and congestion impact their
safety. They proposed that the city needed to provide
their neighborhood with more recreational opportunities
within existing parks, and they suggested that citizens
could participate in an “Adopt-a-Park” program to pro-
vide maintenance for parks in decline. They presented
their research and potential solutions to the mayor, the
Department of Neighborhoods, and other commu-
nity leaders.

At the beginning of the inquiry process, the students
were not sure how to define a park and were not aware
of the disparities among parks within the metropolitan
area. For them the problem was one of environmental
justice and unequal access to recreational opportunities
in city parks. This group used a variety of primary and
secondary sources to explore this issue and evaluated
their understanding of parks in the process. While there
were other possible solutions, such as having the city
provide better transportation for students at their school
to parks in the suburbs, these students preferred to see
enhancements in the parks in their own neighborhood.
While the PBL process was condensed, students
addressed a problem that they cared about in the com-
munity, learned inquiry skills, worked collaboratively,
and presented their findings and potential solutions in a
public setting.

Daily Exit Slips
To address our questions regarding the impact of

citizen mapping as a method to promote problem-based
inquiry learning and to enhance students’ knowledge of
spatial thinking, geospatial technologies, and their com-
munity, we asked students a series of related questions
each day of the workshop. We wanted to obtain immedi-
ate daily feedback from them about what they liked best,
what they liked least, and what they learned that was
most interesting to them. A summary of the two weeks
of responses provides insight into their perspectives of
this approach to learning content and skills and reveals
links to our curriculum design criteria. Their formative
feedback also allowed us to make adjustments in daily
activities to transition from teacher-guided instruction to
student-led, problem-based inquiry citizen map-
ping projects.

The results of what students liked most each day,
reported in Table 4, suggest that students preferred when
they were being productive, autonomous, and engaging
in work that they valued, such as doing fieldwork, con-
ducting secondary research, or listening to speakers.
Some examples of comments they made on the daily exit
slips are provided as exemplars in Table 4. Among the
things they liked, students also included learning collab-
oratively through geospatial technologies, games, and
interaction in the neighborhood. These results align with
students’ statements of what they liked least. Student
responses indicate that they did not like sitting through
long and/or irrelevant presentations by outside speakers,
having to present in front of their peers, or engaging in
some of the planned activities, in particular taking the
pre- and post-assessments. It should be noted that the
most common response to the question “what did you
like least today?” was the word “nothing” or no answer.
We interpreted this to mean that students liked the
planned activities overall, which was reinforced by the
comment, “I like everything.”

Similarly, when responding with what they learned
that was most interesting, students noted that they were
interested in activities in which they were able to work
collaboratively, engage in research in the field and the
classroom, learn something new from speakers, or par-
ticipate in interactive games. Their responses were evenly
distributed among learning geospatial skills, studying
their specific PBL topics, and finding out new things
about the city and their neighborhood.

Overall, students’ comments on the daily exit slips
aligned with our project goals, the curriculum design cri-
teria, and the typical characteristics of inquiry learning.
Proposing and revising inquiry questions, conducting
fieldwork, analyzing data, problem solving, working col-
laboratively, and presenting results are reflective of the
problem-based inquiry learning process. In addition, their
daily feedback supported our goal of introducing them to
the value of spatial thinking and geospatial technology in
understanding their community better and illustrating
potential solutions to neighborhood challenges.

Interviews
In addition to gathering daily feedback, we inter-

viewed students at the end of the workshop in 2016.
First, we asked students what one or two things from the
workshop that they would always remember (with a
prompt of perhaps it was when they learned something
particularly interesting or one of the activities was really
fun). Of the fourteen students who participated in the
interviews, 44 percent of the responses (n¼ 32) were
related to geospatial skills (e.g., GIS, GPS, maps, and field-
work), while 22 percent of the responses were general
skills (e.g., data collection, analysis, and presentations).
Sixteen percent of things remembered were the PBL
topics they explored, such as housing, crime, and
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community gardens. According to one of the parks and
community gardens group students, “Two things from
the workshop that I will always remember is working in
groups, gathering information about parks and gardens,
and walking around the community to see where these
parks and gardens are located.” Notably, working in
groups and making new friends accounted for 19 percent
of their responses.

A second, related interview question asked students
what new skills they learned during the workshop. Like
the previous question, geospatial skills ranked highly at
65 percent of all responses (n¼ 20), while general skills
represented 20 percent and working in groups accounted
for 10 percent of the factors reported. One student said,
“I will always remember ArcGIS because it was a new
way of mapping instead of just looking up stuffs on
Google Maps. I can actually put different buffers or
layers on to actually see and compare things in the
community.” Another student noted, “I learned how to
be a leader, help making maps and working in groups”
(sic). Their responses to what they learned that they
would always remember and what new skills they
learned provide evidence that a problem-based inquiry
approach, in this case using citizen mapping, is an effect-
ive way to learn content and skills (geospatial and gen-
eral) through the lens of the students’ community.

To determine whether students’ knowledge of their
community was enhanced by participating in this project,
we asked them to explain what they learned. In response
to this question, the students overwhelmingly mentioned
the topics they explored through inquiry learning, such
as parks and community gardens, crime, housing, blight,
and youth employment opportunities (twenty-five out of
twenty-eight responses, or 89%). Two important discov-
eries were repeated in their responses, which illustrate
the power of spatial analysis and inquiry learning. First,
many of the students highlighted differences between the
neighborhoods on the east and west sides of their school.
A male 9th-grade student said, “I learned that there is a
lot more blight, abandoned houses, and crime on the east
side and less on the west.” These observations were
made through both the fieldwork and the citizen maps
they created using ArcGIS Online. Second, as each stu-
dent group presented their research process and results
to the other groups, they remarked in discussions during
the workshop and in the interviews about the way that
their topics overlapped. For example, they were inter-
ested in the intersections among lack of employment
opportunities for youth, open space that could be used
for additional parks, the presence of crime, and neighbor-
hood blight. A female 11th-grade student expressed this
well when she remarked, “All of our topics like the parks
and gardens, housing, crime, and community assets and
needs, it all runs together like in our presentations we
will have a piece of each of these topics in our presenta-
tions (sic).”

CONCLUSION AND IMPLICATIONS
While many of the students reported that they chose to

participate in the workshop because they wanted to
make a difference in the community, they were also very
enthusiastic about learning new tools and related tech-
nology. They were quick in grasping and exploring the
new software that was introduced to them and illustrated
that they were capable of handling the software, as dem-
onstrated by the maps they produced. Perhaps most
importantly, students felt empowered through the prob-
lem-based inquiry process of proposing research topics,
researching, analyzing, and presenting their findings and
potential solutions to their families and key community
stakeholders, including local government officials, school
administrators, teachers, and other neighborhood lead-
ers. In regard to improving students’ spatial thinking
and geospatial technology skills, students clearly felt
more confident in their knowledge and ability to use geo-
spatial technologies after applying them in the context of
their neighborhood. As for an expansion of knowledge of
their communities through spatial thinking, geospatial
technologies, and citizen mapping, evidence from
students’ presentations, daily exit slips, and interviews
supported this finding, too. Ultimately, students in our
study learned the value of spatial thinking, geospatial
tools, and working cooperatively to address challenges in
their neighborhood.

Based on these experiences with the two workshops,
curriculum modules have been developed that integrate
problem-based inquiry learning and innovative uses of
technology into topics that address 21st-century issues,
while also embedding a focus on careers and learning
both general and geospatial skills.2 We appreciate the
hesitation that teachers may have in using PBL and
inquiry learning, which can be time consuming, but we
found there are many benefits to this approach. We agree
with Thomas et al. (2013):

Students of PBL reported feeling
empowered and more interested in the
learning environment. Furthermore, social
impact was often cited as a positive aspect
of PBL implementation. Data revealed
that students were more willing to share
knowledge and participated more actively
in cooperative learning than peers in a
traditional setting (98).

Student feedback indicated that they enjoyed working
in groups to explore neighborhood challenges and appre-
ciated the opportunity to interact with the community as
well as present their potential solutions to key commu-
nity stakeholders.

Further, inquiry learning is embedded in the disciplin-
ary standards of the social studies and the sciences. For
example, the “Inquiry Arc” within the College, Career &
Civic Life C3 Framework for Social Studies State
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12



Standards is integrated throughout the guidelines for
learning content and skills within individual disciplines,
while supporting an interdisciplinary approach to social
challenges (C3 2017):

Indeed, the study of social sciences
enhances student preparation for college,
careers, and civic life by promoting critical
thinking, inquiry, problem-solving,
evidence-based reasoning and
communication skills, as well as multi-
cultural and global understandings, the
ability to work with diverse groups, and a
deep sense of personal social
responsibility (14–15).

While our workshops included the majority of these
essential components, time limitations prohibited us
from expanding what the students learned locally to glo-
bal challenges. As a result, we have created extensions in
the curriculum modules that are available on our pro-
ject website.
Similarly, inquiry learning was integrated across sci-

ence disciplines in the Next Generation Science
Standards framework (NGSS 2013). “Standards that bal-
ance and integrate inquiry and content can enhance stu-
dent learning and better prepare them for success in
postsecondary institutions and careers” (NGSS 2013,
Appendix C, 12). In addition, some researchers have sug-
gested that inquiry learning has the potential for broad-
ening participation of traditionally underrepresented
students in STEM (Lee et al. 2006; Wilson et al. 2010).
Science educators, like the social studies, recognize the
value of inquiry learning in teaching content, skills, prob-
lem solving, improving society, and preparing students
for the future.
In conclusion, citizen mapping of local challenges that

students are vested in has the potential to increase their
awareness of how spatial thinking, geospatial technolo-
gies, and problem-based inquiry can benefit society and
provide them with paths to further education and careers.
Additional research is needed to provide scaffolding of
these methods to disciplinary content standards in the
social studies and sciences at the state and national levels
across the grade levels. This evidence would provide
teachers with an even greater incentive to employ inquiry
learning in the classroom. Our next steps will include pro-
viding professional development opportunities to social
studies and science teachers that guide them in integrat-
ing problem-based citizen mapping in their classes.

NOTES

1. Contact the corresponding author for a detailed
outline of the workshop format, activities, the

ArcGIS cookbook, and copies of curriculum
modules related to the project.

2. Our project website currently includes six curriculum
modules with both teacher and student materials in
printer-friendly format: http://www.utoledo.edu/
research/advancing-geospatial-thinking/
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